To determine the point prevalence of pulmonary hypertension (PH) and its relationship with respiratory disturbances in obese patients living at moderate altitude. SUBJECTS: A total of 57 obese patients comprised the final sample and consisted of 34 women and 23 men, with a mean age of 42.7712.1 ys and a mean body mass index (BMI) 47.1710.6 kg/m 2 (range from 30.1 to 76.1). The mean living altitude was 2248.7 m, range 2100-2400 m above sea level. MEASUREMENTS: Doppler echocardiography, pulmonary function tests, arterial blood gas analysis, and polysomnography were performed. RESULTS: Data showed that 96.5% of the studied sample had daytime PH defined as calculated systolic pulmonary artery pressure (PSAP) 430 mmHg (mean PSAP ¼ 50, s.d. ¼ 13 mmHg). The severity of diurnal PH was found to be related to the presence of alveolar hypoventilation and BMI. The main risk factor for severity of diurnal PH was hypoventilation with a significant odds ratio (OR) 7.96, 95% CI 1.35-46.84, BMI was (OR 1.12, 95% CI 1.02-1.25) and apnea/hypopnea index was not a predictor of pulmonary hypertension severity (OR 0.99, 95% CI 0.97-1.02). CONCLUSION: We concluded that prevalence of diurnal PH is high in obese patients living at moderate altitude, and that hypoventilation is the main risk factor associated with the severity of pulmonary hypertension.
Pulmonary hypertension (PH) is a hemodynamic consequence of multiple etiologies and diverse mechanisms. Disturbances in the respiratory muscles or in the control of breathing, can lead to PH. Among the respiratory disorders are the syndromes of alveolar hypoventilation and the sleep apnea syndrome.
Acute increases in pulmonary artery pressure coinciding with sleep-induced apneas and hypoxemia have been observed in patients with obstructive sleep apnea syndrome (OSAS).
1-3 A significant proportion of OSAS patients (17-42%) also have elevated daytime pulmonary artery pressure. [4] [5] [6] [7] [8] Although transient increases in pulmonary artery pressure during apneas are well recognized, the role of sleep apnea in inducing sustained waking pulmonary hypertension has been controversial. It has been suggested that PH develops in patients with OSAS only in the presence of daytime hypoxemia secondary either to clinically significant chronic obstructive pulmonary disease, a diminished chemosensitivity or to obesity. 4, 7 Obesity can be associated with the development of hypoventilation, and OSAS. 9, 10 In fact, obstructive apneas were described first in patients with severe obesity and hypoventilation. 10 Obesity could represent a major cause of respiratory insufficiency, sleep apnea, and pulmonary hypertension. The contribution of obesity to the development of PH has not been clearly determined. Collop 11 had shown that PH can occur in morbidly obese women with obstructive sleep apnea in absence of clinically significant lung disease, and that PH can be reversed by the OSAS treatment with n-CPAP. Sajkov et al 5 and Lack et al 6 have not found any significant difference in body weight in patients with and without PH and OSAS. Others have reported that patients with PH had a high body mass index (BMI). 7, 12, 13 Bady et al 14 recently
showed that severity of obesity and the associated changes in lung function play an important role in the pathogenesis of PH in patients with OSAS. Alveolar hypoxia has been recognized as the main cause of pulmonary vasoconstriction in obese patients living at sea level or at higher altitudes. Lupi-Herrera et al 15 studying the dynamics of the pulmonary circulation in the grossly obese patients at an altitude of 2240 m observed that the combination of obesity and high altitude favors the development of pulmonary arterial hypertension. Pulmonary arterial hypertension was present in 80% of morbidly obese patients (16/20), but in this study the role of obstructive sleep apnea was not assessed.
In the present study, we investigated by Doppler echocardiography the point prevalence of PH in obese patients and its association with sleep apnea syndrome and hypoventilation in patients living at a mean altitude 2248.7 m above sea level.
Methods

Patients
Patients were recruited from the Obesity Clinic at the National Institute of Medical Science and Nutrition Salvador Zubirán (INCMNSZ) from July 1996 to March 2002. The INCMNSZ is a major tertiary care referral center for internal medicine and surgery in México City, which is at an altitude of 2240 m above sea level with a mean barometric pressure of 585 Torr. The Obesity Clinic conducts clinical research and offers comprehensive care to overweight individuals. It is staffed by endocrinologists, nutritional scientists, dietitians, and exercise physiologists. A total of 134 consecutive outpatients were asked to participate in the study, which was conducted in the Sleep Clinic of the Department of Neurology at the INCMNSZ. The study was approved by the internal review board and all patients gave their written informed consent. Endocrinologists from the Obesity Clinic referred patients to the Sleep Clinic on the basis of the presence of obesity (BMI Z30, as defined by the World Health Organization). 16 In all, 15 patients were excluded because their customary living altitude differed from the studied altitude range; 37 patients did not agree to participate, nor completed the echocardiographic study. Six enrolled patients were excluded from this analysis due to the inability of obtaining suitable signals from Doppler images due to increased chest wall thickness. A total of 17 patients were excluded from the study due to associated medical conditions that could interfere with the results (hypothyroidism, COPD, and renal failure). Two more patients were excluded because they were taking nifedipine for systemic hypertension, which could influence pulmonary artery pressure. ); Cushing's syndrome (n ¼ 1) (diagnosed by 24-h urinary free cortisol assay and lowdose, high-dose dexamethasone suppression test); hypercholesterolemia (n ¼ 1) (total cholesterol4240 mg/dl and LDL-C4160 mg/dl); upper respiratory infection (n ¼ 1); glucose intolerance (n ¼ 1); peptic ulcer disease (n ¼ 5); pelvic venous insufficiency (n ¼ 9); hyperuricemia (n ¼ 2); hypertrygliceridemia (n ¼ 2); and dyslipidemia (n ¼ 1). A total of 18 patients had multiple diagnoses, and 20 patients had no other medical condition.
Study design and polysomnography (PSG)
The evaluation consisted of two nights of polysomnographic recording. All recordings were made on a Nicolet Ultrasom Workstation at an emulated paper speed of 10 mm/s. Standard methods were used to measure polysomnographic variables and they have been described previously. 18 Patients were subdivided into four groups according to the presence or absence of breathing disorders: Group-1, without apnea (apnea and hypopnea index (AHI)o5) and without alveolar hypoventilation (PaO 2 465 mmHg and PaCO 2 o35 mmHg); Group-2, with alveolar hypoventilation (PaO 2 r65 mmHg and PaCO 2 Z35 mmHg); Group-3, with obstructive sleep apnea syndrome (AHIZ5) but without alveolar hypoventilation; and Group-4, with a combination of OSAS and alveolar hypoventilation. The normal pulmonary hemodynamics of adults residing at sea level is a cardiac output of 5-6 l/min associated with a pulmonary arterial pressure of about 20 mmHg systolic and 12 mmHg diastolic, with a mean of about 15 mmHg, but pulmonary arterial pressure differences may be observed in different populations and conditions, including age, level of conditioning, exercise or stress, and altitude. 21, 22 At altitude around 15 000 ft, the systolic pulmonary arterial pressure is about 38 mmHg and the diastolic 14 mmHg, with a mean of about 25 mmHg. 23, 24 The reported values of pulmonary arterial pressure for Mexico City at altitude of 2240 m above sea level are 24.3 mmHg systolic and 9.7 mmHg diastolic, with a mean of about 15.4 mmHg. 25, 26 For purposes of this study, we followed the consensual definition of PH severity from the Reynolds' Echocardiographer reference. 27 PH was considerated when the PSAP was higher than 30 mmHg and when data from M-mode and two-dimensional echo indicated its presence. We classified the patients with mild PH when systolic pulmonary artery pressure was in the range of 31-39 mmHg, moderate 40-70 mmHg and severe 470 mmHg.
Arterial blood gas measurements and pulmonary function tests
Arterial blood gases and acid/base status were measured from samples taken from the radial artery with patient in sitting posture, and determined by an automatic gas analyzer (AVLOmni Model 5). Spirometry was performed by trained technicians using pneumotachograph-based equipment (Spirometrics USA-SpirometerFCMD/PC-Flow Model 3350) following the American Thoracic Society recommendations. 28 Statistical analyses Univariate statistics were calculated for all variables. T-tests served to make comparisons between means of the variables for the included and excluded group of patients.
One-way ANOVA was performed for simultaneous comparison among means; multiple-comparison Scheffé method served to determine specific differences and contrast among the population means. The w 2 was used to compare percentages of patients with PH severity between groups. Odds ratios (ORs) and 95% confidence intervals (CIs) were obtained from multiple logistic regression models to evaluate the association between PH severity and risk factors.
Results
Characteristics of the sample There were no statistically significant differences in anthropometric characteristics and blood cell counts between the patients included in the final analysis and those eliminated because they did not accept the echocardiographic study or because the inability to obtain suitable signals from Doppler images, comorbidity, or medication that could influence pulmonary pressure (see Table 1 ). There were also no statistically significant differences between these groups in sleep architecture or sleep respiratory parameters, except in the mean apnea duration (excluded patients 14. The prevalence of breathing disorders in the final sample was very high (93%, n ¼ 53); only four women (7%) did not present obstructive sleep apnea or hypoventilation (Group-1). Seven patients (12.3%) were diagnosed with hypoventilation (Group-2); 20 (35.1%) presented OSAS (Group-3), and the remainder (45.6%, n ¼ 26) were affected with a combination of OSAS and hypoventilation (Group-4). Table 2 shows the anthropometric and hematologic characteristics of the studied obese patients by respiratory disturbance group. There were no statistically significant differences in these variables between the groups. 
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There were no statistically significant differences in systolic pulmonary artery pressure values between patients taking antihypertensive medications or hypoglycemic agents and those who were not taking these medications. Table 3 shows the indexes of respiratory disturbance during sleep. The combination of hypoventilation and sleep apnea syndrome showed more derangement in respiratory parameters than the other groups.
Sleep variables
PH prevalence PH was diagnosed in 96.5% (55/57) of the patients (mean PSAP ¼ 50, SD ¼ 13 mmHg). Only two patients have normal values of PSAP, one in the group with OSAS (AHIZ5) and without alveolar hypoventilation (PSAP ¼ 20 mmHg) and other in the group without OSAS and without hypoventilation (PSAP ¼ 30 mmHg). A total of 12 patients presented mild Table 2 Anthropometric and hematologic characteristics of obese studied patients Prevalence and risk factors for pulmonary hypertension severity in obesity M Valencia-Flores et al PH (PSAP 430 but less than 40 mmHg), 39 moderate PH (PSAP 40 to 70 mmHg), and four severe PH (PSAP 470 mmHg). Table 4 shows the values for systolic pulmonary artery pressure, arterial blood gases, and spirometry for the studied groups. Table 5 shows physical findings and symptoms comparison between patients with different degree of PH. The moderate to severe PH group had in a greater proportion physical findings compatible with right ventricular failure such as dyspnea, orthopnea, leg swelling, and cyanosis. This was statistically significant (w 2 ¼ 18.9, Po 0.009) when compared to the group with milder form of PH that clearly establishes severe degree of PH as a significant cause of morbidity in this patient population.
Risk factors for severity of PH
When considering all groups, the main independent predictor of PH severity was hypoventilation (Table 6 ). Patients with hypoventilation were at a significant 7.96-fold increase in risk for more severe PH. The other factor that remained significant in the multivariate model was BMI. Hypoventilation was not related to BMI (Spearman r ¼ 0.14, P ¼ 0.29) or AHI (Spearman r ¼ 0.24, P ¼ 0.08), suggesting validity of the regression model.
Discussion
Our results showed that there is a high prevalence (96.5%) of PH among morbidly obese patients living at moderate altitude. Multivariate analysis of the data showed that alveolar hypoventilation and BMI are independent risk factors for PH severity.
In the previous work of Lupi-Herrera 15 in which morbidly obese patients were studied at an altitude of 2240 m, the prevalence of pulmonary arterial hypertension was 80%. In their work, a significant positive correlation was found between pulmonary arterial diastolic pressure and the arterial oxygen desaturation (r ¼ 0.70, Po0.001) and PaCo 2 (r ¼ 0.73, Po0.01). The authors suggested that the combination of obesity and moderate high altitude favored the development of pulmonary arterial hypertension, and that pulmonary arterial hypertension was a consequence of abnormalities in pulmonary blood gas exchange, the decrease in PaO 2 enhanced by the relative low level of the inspiratory oxygen pressure at modertate high altitude. We found that the prevalence of PH in morbidly obese patients is higher than the range of the Lupi-Herrera's report (71.4-88.5%) and also that the prevalence of alveolar hypoventilation is high (57.9%), the vast majority of patients having the combination of OSAS and hypoventilation (45.6%). High altitude exposes the human body to a hostile environment. The main cause of the hostile environment is decreased barometric pressure, which induces hypobaric hypoxia. Hypoxia is a strong stimulus for pulmonary arterial Table 4 Pulmonary artery pressure, arterial blood gases, and spirometry Prevalence and risk factors for pulmonary hypertension severity in obesity M Valencia-Flores et al vasoconstriction with resulting increase in pulmonary arterial pressures (PA) and pulmonary vascular resistance. The exposure to a moderate altitude such as that of Mexico City increases apnea/hypopnea index and heart rate, and decreases blood oxygen saturation. 29 Our data allow us to conclude that at a moderate altitude, alveolar hypoventilation, which implicates the presence of abnormal chest wall mechanics and/or impaired ventilatory control, is the main risk factor for the severity of PH. Obesity by itself also plays a role for PH severity, but restrictive lung disease did not account for PH. Pulmonary function tests showed a restrictive pattern but without differences between the studied groups, and FEV 1 and FEV 1 /FVC% parameters were not related to the severity of PH.
Multivariate analysis showed that obstructive sleep apnea was not a risk factor for the severity of PH in these overweight patients living at moderate altitude. Notwhitstanding, the prevalence for PH in the OSAS group (Group-3) was higher than that reported for other European populations with OSAS (17-27%) living at an altitude, on average, 150 m above sea level 4, 7, 8, 13, 14 and with mean BMI between 31 and 35, except for the report of Alchanatis et al 13 in which the BMI of the patients was in the lower limit of our sample (4177). One limitation of this study is that the patients were recruited from an obesity clinic. As a consequence, they might not be representative of all obese patients living at this altitude. The patients in this study all underwent polysomnography as well, and there may be biases that result from such a referral pattern. Furthermore, it is important to note that although AHI was not an independent cross-sectional predictor of severity of PH in this group of obese patients living at moderately high altitude, this should not be taken to indicate that sleep apnea should not be the object of intervention in such a patient population.
This observational study gives information regarding the point prevalence of PH at moderately high altitude, and its relationship to obesity, OSAS, and hypoventilation. The data are important, since realizing that the prevalence of PH is high and its association with hypoventilation strong, they will help focus studies into the management of obesity and PH at moderately altitude. One could speculate that the number of patients with OSAS without hypoventilation (n ¼ 20) is not large enough to support the conclusion that OSAS is not a risk factor for PH severity at moderately altitude, particularly since noninvasive Doppler methods of determining PH may require greater numbers of patients than invasive, direct measurements with a pulmonary catheter. Nevertheless, Allemann et al 30 
